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riic datn collected in .lunc 199() from the Rj\' Poi/u Sur are used to study the 
California Undercurrent and California Current in the area off Point Sur. 1 he area of 
study is a coastal region starting 3 km oil' Point Sur and extending westward I02 km. 
At that distance the orientation of the line of the stations changes to southwest, ex- 
tending to 228 km od'shore. I he cruise took place IVom I6-22 ol June under upwelling 
favorable weather conditions. 

d he results of this study help illustrate the great variability of the currents in the 
area. In .lime 1990 the California Undcrcui rent exists, is strong (max speed 36 cin'sec), 
is confiiied to the lirst 65 km from tlie shore, and carries equatorial t\pe waters 
noithward in depths less than 650 dbars. *fhe estimated transport is 2.9 Sv. 1 he 
Calilbrnia Current is broad, slower than the Undercurrent (max speed 28 cm sec), 
shallower and carries Subarctic North Pacific waters, d he coastal upwelling looks strong 
starting from the depth ol' 100 dbars, and contiibutes to the inshore coastal jet which it 
is observed in the first 8 km from the shore and in the upper 20 dbars. 

Unlike previous analyses based on CalCOFI data, the Undercurrent appears robust 
in June. Its strong surface and subsurface signature luid not previously been reported for 
this month. I his may in part be due to the determination made in this thesis that 700 
dbar is a more appropriate reference level than cither 500 or 1000 dbar. 
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I. IlNTRODUCIION 



A. CKNMRAL CUM A lOLOCKA I. rKIURi: 

In 1987, the I’oint Sur rian-^cct (POST) was cstablislicd by tlic Department of 
Oceanogrtiphy at the Naval rostgradiiatc Sdrool to investigtite tlie long term variability 
in the eastern Pacilic boiiiKlary region. Since its e.stablishment 12 cruises were under- 
taken and seven theses have been accomplished using these data. Phis research, the 8"' 
report, deals with the dal.a from June 1990 lor the investigation of California L'ndercur- 
rent at Point Sui. 

file following description is taken from Berryman (1989) to give the general 
climatological picture. 

" The California Current (C(,') is the eastern boundar}’ current of the Subtropical 
North Pacilic gyre, and extends from Washington State to Baja California. 1 ypical of 
eastern boundary currents it is a broad, shallow and weak system of equatorial (low. 
Velocities are usually less than 2,s cm, sec. most of the How is limited to the top 300 m 
and the system extends from the coast out to 9W km with a core 200 - 300 km onshore. 
Low tempeiature, low salinity subarctic water originating near the West Wind Drift is 
carried south and mingles with the other water masses found in the region. 'I hese are the 
eastern North Pacific water mass on the western boundary of the California Cm rent, 
and Lquatoiial Pacilic water from the South. 

"In addition to the broad esjuatorial (low, the system is characteri/ed by a polewaid 
under current closer inshore, variously called the inshore Countercurrent (1C), or the 
Davidson Inshore Current (DlC) w hen it reaches the surface. I his poleward How is 
somewhat stronger, more narrow, aiul generally found over the continental slope and 
shelf. While the equatorward Ilow of the California Current is fairly consistent year- 
round, the countercurrent exhibits strong annual variability, alternatelly kept at depth 
in the spring and summer as a result of the strong northwesterly winds, and surfacing in 
the fall and winter with the relaxation of the winds." 

The annual picture ol the nearshore water characteristics is constructed as follows. 
Cool, high salinity, high nutrient waters dominate the nearshore waters of the central 
coast from I'ebruarv to September. This is the upwelling period of strong northwesterly 
winds. In September the winds diminish resulting in the encroachment of the oceanic 
water into the nearshore areas; this is the oceanic period which usually persists until 



November. As the wiiul.s shift to the southwest in November, tlie noitliward flowing 
(munter Current reaches to tlie suiface landward of the California Current, and then is 
known as the Davidson Current, fhis nortliward surface flow of warm, low salinity 
water persists until the winds reverse in I'cbruary. 

B. S TUDIES ON THE AREA 

fhe California Current system has been the subject of numerous studies in the past, 
from the long-term data collection of Calilornia Cooperative Oceanic I'ishcries Investi- 
gations (CalCOI'l) to specific process experiments of recent years such as the Coastal 
Transition Zone I’rogram (CTZ Program), Central California Coastal Circulation Study 
(CCCCS), and the Point Sur fransect (POS f) (Berryman 1989, 'fisch 1990). 

'fhe CalCOIT data set represents a forty year record of hydrographic surveys aimed 
at examining the long term variability of the coastal region and the enviromental impact 
on local fisheries. An excellent review of the CalCOl 1 program can be found in the 
October 1988 CalCOPl Reports (Reid 1988). Summary of the seasonal variability of the 
flow according to the CalCOFl data is given by Hickey (1979) and Chclton (1984). 
Velocities were derived from these hydrographic data using an assumed level of no mo- 
tion (LNiM) with the gcostrophic relationship. 

'fhe CCCCS jirogram (February 1984 to July 1984) provided higher hydrographic 
resolution (than CalCOFl) and included moored current meter arrays from San 
Francisco to Point Conception, fhe important conclusion drawn from this experiment 
was that the historical CalCOFl hydrographic data do not resolve spatial scales of var- 
iability in shelf and slope waters because the horizontal spacing of stations was too 
coarse to resolve the coastally trapped poleward How (Chelton et al. 1987). 'fhe most 
notable feature thus identified in the CCCCS was the relatively consistent coastally 
trapped poleward flow over the shelf in the entire region from Point Conception to San 
Francisco, fhe cause of this mean poleward (low and the large (luctuations in the (low 
were not identified. I hese features appear to be unrelated to local wind forcing, which 
is generally cquatorward in the region and varies on a much shorter time scale (Chclton 
ct al. 1987). 

In 1987 the Point Sur fransect (POSf) was established by the Department of 
Oceanography at the Naval Postgraduate School (NPS) to investigate the long term 
variability in this region. Investigating the time variability of poleward (lows, their role 
in gyre-scale processes, and related dynamics arc the main goals. POS'f extends olfshore, 
normal to bottom topography, along 36"N to 123"01.7 W. 'I'hcrc it turns along the cs- 
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tablishcd CalCOM line 67 (ihc Moiucrcy Bay line) to allow for comparison with previ- 
ous studies utilizing the CaK'Ol 1 data set. As oTJunc 1990 there had been 19 cruises 
( Table i) along the I^OST (Tigiire 1). 



Table 1. POINT SUR TRANSPCT CRUISE PERIODS AND DATA TYPE 



Cruise 


Dates 


Vessel 


Data type 


STNOV 1987 


11 -1 - 11 II 


R.'V Point Sur 


CID.ADCP 


cue- April 1988 


4, 13 - 5;l 


1 SNS 
OeSteiguer 


CTD ADCP PUGASUS 


SIMA'. 1988 


5 4-3 11 


R, Point Sur 


(Tl) ADCP 


Cl C-August 1988 


8 3 - 8 7 


R V Point Sur 


C l D ADCP PliGASUS 


CUC-Scptcinber 1988 


9 22 - 9 27 


R V Point Sur 


C I D ADCP PIKJASUS 


STNOV 1988 


11 1-118 


R V Point Sur 


Cl 1) ADCP 


Cl.’C- November 1988 


1 1 14 - 11 19 


R, V Point Stir 


C ID ADCP IT:C]ASUS 


CUC-l'ebruai y 1989 


2 3-27 


R V Point Sur 


C: 1 D ADC P PPGASUS 


cue- March 1989 


3; 24 - 3; 30 


R, V Point Sur 


C I D ADCP PPGASl. S 


cue May 1989 


3,' 10 - 5/ 26 


I S NS 
1 )eStciger 


Cl D ADCP PPGASUS 


S I MAY 1989 


3,4 - 3,' 26 


R V Point Sur 


Cl D ADCP 


CUC-.luly 1989 


7,'28 - 8 3 


R \' Point Sur 


CI D ADCP PPGASl'S 


CUC-Sepiember 1989 


9 23 - 9 30 


R V Point Sur 


C I D ADCP PPGASl S 


STNOV 1989 


1 1 1 - 11,8 


R'V Point Sur 


C'l D ADCP 


CUC-November 1989 


1 1 13 - 11 22 


R V Point Sur 


Cl D ADC:P PPGASI S 


rr('-.lanuan* 1900 


1 1 7 - 1 24 


R V Point Sur 


C I D ADCI' IT-iGASUS 


CUC-March 1990 


.V|9 . 3 26 


R'\' Point Sur 


CID ADCP PPCTASUS 


S I MA'.' 1990 


3, 2-38 


R V Point Sur 


C l D ADCP 


CUC-Mav 1990 


3, 17 - 3 23 


R V Point Sur 


Cl D ADC'P PPGASI S 


CUC-Jimc 1990 


3, 16 - 3 22 


R V Point Sur 


CID ADC P PPCiASUS 



Eigurc 1 gives the distribution ol'the staiions on the Point Sur 'iianscction used for the 
California Undercunciit (CTTA project. 'This thesis deals with the CTC^ using the data 
from the June 1990 cruise, and consists of 22 C \ D stations and 9 Pegasus stations. 'The 
length of the hydrographic transection is 228 km with denser coverage at the inshore end 
of the transection. 
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Longitude 



Figure 1. Hie scheme of the POST 

riiis study of the CUC also utilizes continuous vertical profiles of absolute velocity 
from the "Pegasus" instruinciit. 'fhis instrument allows accurate velocity data to be 
collected rapidly and with greater ease over a large geographic region, and removes the 
guesswork associated with erroneous assumptions about levels of "No Motion" 
(Berryman 1989). The didiculty with using instruments like "Pegasus" is in separating 
the velocity constituents since it is an instantaneous measurement. Bimonthly sampling 
prevents temporal resolution of less than four months. 

Previous studies of the area by the NTS students showed that a narrow poleward 
undercurrent e.xisls close to the shore. The speed and the location vary from season to 
season. The nature of the alongshore geostrophic velocities and the location and spatial 
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cMcm of the L'ndcrciinciit tippcar to be strongly related to speeilie wind events, local 
and remote ( l isch I9d0), Table 2 (liom 1 iseh 1990) shows the spatial extent and core 
velocities ol' the ('(diTornia I nderenrrent based upon the geostrophie relationship rela- 
tive to 1000 dbais for data (rom the seven selected cruises. 



Tahlc 2. SPAIIAI. F'X IhN I OF IIIE UNDFRCIIRRUN T BASFI) ON PREVI- 
OUS STUDII S ( I isch. 1990) 



Cruise 


Core distance 
from the shore 
(Kin) 


Core depth 
(in) 


.Maximum Velocity 
(cm/scc) 


SI MAY 1988 


A 


460 


< s 


Cl C-August 1988 


12 ■ 42 


1 90 


> 35 ; > 20 


C'l.'C-Novcmbcr 1988 


20 


460 


> 25 


cue- February 1989 


15 


loo 


> 35 


STM AY 1989 


17 


1 60 


>20 


Ci:C-.lulv 1989 


23 


400 


> 10 


Cl.iC-Novembcr 1989 


28 


70 


> 35 



C. POINT SUR 

I. Geophysical charactei isties 

'1 he continental margin olT Point Sur consists of a shelf extending some 15 km 
from the coast to a depth of 150 in, a steeper continental slope out 75 km to a depth of 
3050 m. and a gentler rise to the basin lloor 3500 m deep, about 100 km ollshore. A ridge 
starting at Point Sur and extending olfshore (west) a distance of about 34 km may alTect 
the currents in the area. 

Numerous canyons iiulenting the shelf (Figure 2) may aHcct the currents in the 
area, Sur Canyon, located olfthe Big Sur River, heads 5.5 km from land near one of the 
local rivers. 1 lowevcr, an intersecting canyon, Partington Canyon, extends almost to the 
beach. Partington's Canyon head bends along the coast. 

The Sur-Partington group has five main branches. 'The channels arc twisting like 
the pattern of a river. The canyons arc V-shaped. but arc flattened at a depth 620 m. 
The Sur canyon branch is cut deepest into the slope with walls as high as 620 m in some 
places. The whole canyon system (Sur and Partington) extends olfshore for 89 km from 
the head of the Sur canyon, or 107.5 km from the head of Partington canyon. 
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riic largest submarine canyon along the California coast is the Monterey Sub- 
marine Canyon. It heads in Monterey Bay (Moss Landing and Moss Lagoon) and ex- 
tends seaward at a distance 195 km. Carmel Submarine Canyon heads on Carmel Bay 
and extends seaward first west tlien northwest coming into Monterey Submarine Canyon 
at a depth 2000 m. fransverse profiles of both Monterey Canyon and Carmel Canyon, 
indicate that a V-shape predominates in the inner portions of the canyons, f'tirther out 
where the trend of Monterey Canyon changes direction from west to southwest, it loses 
its V-shape and becomes a broad trough without particularly high or steep walls. These 
two canyons may play an important role in the currents in the area. 
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2. W’.Tler innsscs 



1 o sUkIv the water types at Point Sur, Hist vve have to sec what arc the char- 
acteristic water masses in North Pacilic which contribute in the formation of the water 
masses at Point Sur. The North Pacilic water masses according to Delant (1941) arc 
given in Table 3. 1 he limiting vtilucs for temperature and salinity arc given to demon- 
strate in what e.xtrcmc limits oceanographic factors may vary. 



Tahle 3. WATER MASSES OP NORfU PACIEIC ACCORDING TO DEFANT 
(1941) 





Trmpcraiurc C'O 


Saliniiy (psu) 


Subarctic Water 


2-10 


33.5-34.4 


Pacific l.'qualorial Water 


6-16 


34.5-35,2 


1-astcrn North Pacilic W ater 


10-16 


',4.0-34.6 


W'estern North Pacilic Water 


7-16 


34.1-34.6 


Aictic Intermediate Water 


6-10 


34.0-34.1 


Pacific Deep Water and Arctic 
Circumiiolar Water- 


(-D-3 


34.6-34.7 



T’chenha (1980) gives a simple picture of the water masses in Noith Pacific, but 
as Defant, he puls limiting values of temperature and salinity (T able 4). 



Table 4. WATER MASSES OF NORTH PACIFIC ACCORDING TO P. 
TCIIERNIA ( 1980) 



Xort/iPariOc 


1 c}}\pcyatuyc (^C') 


Salniiiy (psu) 


Subarctic Water 


5 


33 


North ( ciUral Pacilic water 


12 


35 


Arctic intermediate water 


5 


34 



Sverdrup, .lohnson, and I leining (1961) give the water masses in the area in a 
more moderate way. avoiding temiierature ain.1 salinit}' limits. According to them, the 
water mass which dominates in all the North Pacific is the Subarctic Water mass. At 50 
" N this water mass is charactcri/.cd by an average temperature between 2 and 4 "C and 
salinity 32 psn but increases to approximately 34 psii at a depth ol a few hundred meters 
and below that depth increases slowly to about 34.65 psu at the bottom. T his water mass 
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is carried loward tlie cast and wlicn rcadiing the American coast it is deOected toward 
tlic south and enters to a region of dillerent climatic conditions, llcre tlie temperature 
of tlie upper laycr.s is raised by heating and the salinity is increased by excess evaporation 
and mixing, so that the T, S curves gradually .swing toward the right. Strictly speaking, 
the Subarctic Water mass is characterized as the water mass northward of 45” N. For the 
sake of convenience this name is used for all the water mass until of 23” N. Southward 
from this latitude the Subarctic Water mass converges with the Fquatorial W'ater mass. 
Between 22” N and 45” N and below 300 m the T-S curves show waters intermediate in 
character between Subarctic North I’acilic and the liquatorial Water. This fact suggests 
that the water at this area is formed by lateral mixing between tho.se two large and well 
defined water masses. Such mixing gives the idea that a northward penetration of 
liquatorial water occurs along the coast. Sverdrup and I'lenuning (1941) and fibby 
( 1941 ) observed that at stations close to the shoie (30 km from the shore) the water mass 
had characteristics closer to Fquatorial Water mass than to Subarctic Water mass. For 
the same latitude, water mass at a station 550 km from the shore had characteristics 
closer to Subarctic W'ater mass. From the above description it is evident that close to 
the shore we expect the Subarctic North Pacific water mass to be strongly afifected by 
the Fquatorial W'ater mass characteristics. Offshore the waters are expected to be more 
likely to be Subarctic North Pacific water mass. 

d he following currents and phenomena are the main contributors in formation 
of the water masses at Point Sur. . 

• The warm and salty northward llowing California Undercurrent close to the shore 

• 'fhe cold and low salinitv' southward llowing California Current olfshore. 

• 'fhe strong upwelling. during the spring and summer which mixes subsurface water 
with surface water masses. 

• The coastal jet (5 to 25 km offshore) and 

• 'fhe Davidson Current, which brings oceanic surface water close to the shore. 

The California Undercurrent and its f-S relationship are discussed by Sverdrup 
and Fleming (1941), d ibby (1941), Blanton and Pattullo (1970), Reid Roden and Wyllie 
(1958), 1 lalpern Smith and Reed ( 1978), Wooster and Jones (1970). Wickham (1975) and 
Chclton (1984). who may be the most representative author for the area OIT Point Sur. 
The results from the above works, except Chelton's, are summarized in Hickey (1979). 
According to these authors the California Undercurrent Hows over the continental slope 
and carries equatorial type water, d'his water is characterized by high temperature. 
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Scilinity and phosphate, and low dissohcd oxygen, from d\narnic topography ol ihc 200 
dbar suilacc, Reid (19.^8) showed that at depths grcalei than 200 dbars there is poleward 
How throughout most of the \ear Iroin southern Baja to at least as far north as C^ape 
Mendocino in northern ('alifornia. 

1 he current meter reeoids of Collins ct al. (1968) and Mooers ct al. (1976) 
suggest that the undercurrent over the shelf is highly coupled to the c(iuator\vard wind 
stress. According to these, strong upwelling favorable winds result in an cquatorward 
surface jet and poleward undercurrent. 

lliekey (1979) concludes that the salinity and temperature of the core of 
California L'ndcrcurrcnt in all the range fiom Baja ('alifornia to N’ancouver Island is 
between 34.6 psu and 9.5 (observed at Baja California) and 33.9 psu and 7.0 (ob- 
served at Vancouver Island). Mixing piocesscs diminish the cross-shore temperature 
and salinity gradients so the transition obser\cd in the waters olT N'ancouver Island is 
much more gradual than oil' southern (Talifornia. 'fhe seasonal variation of the per- 
centage of Equatorial water at specilic locations along the coast has not been investi- 
gated. Wooster and Jones (1970) believe and give some evidence for intcrannual 
variations in northward extent of a given isohaline. 

The most representative author for the area oIT Point Sur is Chclton (1984). 
Using gcostrophy he found that the ('alifornia Undercurrent at Point Sur presents vari- 
ations year-round. During June, he found no evidence for an undercurrent. It was never 
observed during the .lune and only weak poleward flow has ever been observed in July. 

According to Hickey (1979): "d he ('alifornia (Current exists in two regions of 
southward flow. 1 he nearshore region is most fully dexcloped in spring and carl\ sum- 
mer south of Cape Blanco. T he olVshorc region is most fully developed in late summer 
or fall. Of the two southward regions the nearshore region is strong year-round. This 
region moves closer to the shore towards the south from (.'ai'>c Medocino and carries low 
salinity cold water. Pavlova (1966) found that the ma.ximum southward flow occurs at 
the surface in all the seasons, at about 3()()-5()0 km ofl'shore of Point C'onccj^tion and 
agrees with Wyllie's (1966) data in the ofl'shore region, d he ('alifornia (wirrent is more 
fully developed in the area during the spring and early summer. Ihis agrees with con- 
clusions based on Wyllie's data only if the region sampled corresponds with the 
nearshore branch of the current". Refcring to Chclton (1984) for the California Current 
ofT Point Sur: "I'hc core of ('alifornia Current is located between 100 and 200 km off- 
shore and is mostly restricted to the upper 200 m. *1 he seasonal variability of this core 
shows two cquatoward maxima per year with peak velocity of 9 cm/sec in f'chruary- 
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March and again .luly-Augiist. '1 he core is displaced sliglitly farther offshore in the 
vvintcrtiinc niaxinuim.” 

'fhe eoastal jet is mentioned in all the descriptions of shelf circulation along the 
coast of California and occurs during the upwelling season. This is a southward flow 
very close to the shore with a maximum speed at a distance 5 to 25 km from the coast. 
It is strongest during the spring and is centered closer to the shore than during the 
sununer. 'fhe transported waters are mainly tipwclled waters rich in phytoplankton and 
oxygen. Chelton (198d) describes that during M arch-April and July-Scptcinber there is 
a narrow second maximum cquatorward flow very nearshore with velocities of 5 to 8 
cm, sec. lie supposes that this jet may be more intense over the continental shelf, but 
with the CalCOFl data he couldn't support this hypothesis. 

Poleward surface flow in nearshore regions oh the coast of California associated 
with winter weather patterns is known as the Davidson Current. 1 he Davidson Current 
is developed near the coast north of Point Conception in fall and winter and causes 
dramatic changes in water properties south of Cape Mcdocino. It brings southern 
oceanic water northward and reinforces the idea that the Davidson Current is the surface 
expression of the California Undercurrent which carries Equatorial type water 
northward. 

3. Weather conditions 

Weather conditions during the cruise are given in Figure 3. As it can be seen the 
wind during ail the cruise was from N’W directions as usually happens in this season in 
the area (Iluycr 1983). 'fhe wind speed was ranged from 6 to 12 npscc contributing in 
the process of the upwelling in area. Air temperature was relatively high, staying above 
12^ C. 

4. Purpose of the study - Contents 

The data were collected during 10-21 June 1990 aboard the RV Point Sur. The 
ptirpo.se of this study is to analyse and interpret these data, comparing the results to the 
previous conclusions. In particular. 1 describe the spatial structure of the various cur- 
rents, (lows or jets, and compare gcostrophie How with absolute current measurements. 

In this report Chapter II covers the instruments, methods, and data processing 
techniques. Chapter III provides detailed analyses of the results, finally Chapter IV 
summarizes the conclusions and offers recommendations for future work. 
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Wcallier coiiditioiis during llic cruise 



Figure 3 



II. DATA COLLIXTION AND I’KOCESSING 



1 he Pt Sur data transection (I'igure 1) of 22 C I D stations and 9 Pegasus sites is 
designed to resolve the water mass structure in the slope region. 

A. DATA COLLECTION 

1. Pegasus 

The Pegasus instrument is an acoustically tracked dropsonde which free falls 
through the water column and returns to the surface after dropping weights at the bot- 
tom. The elapsed times from the broadcast of a 10 Kllz signal sent by Pegasus and the 
response by each of at least two bottom-mounted (and surveyed) transponders are re- 
corded internally, fravcl times are later converted to distances using a sound speed 
profile. The location of Pegasus as it hills through the water column is determined based 
on the consecutive ranges rel.itive to the transponders and the depth. Velocities are de- 
rived from this path by dilferentiation with respect to time. The instrument transmits 
once every 16 seconds and with nominal fall and ascent rates of 30 - 35 in/min, data are 
recorded at about 8 m increments. 1 he horizontal speeds arc accurate to within I - 3 
cm, sec, with uncertainties arising from assumptions regarding the speed and path of 
sound through the water column, as well as signal deformation and detection (Berryman 
1989). 

Pegasus cast locations begin 33 km from the coast. I he first 7 sites arc spaced 
10 km apart along latitude 36"20 N (Figure I). Sites 8 and 9 arc located on CalCOIT 
line 67, 50 km and 123 km. rcspcctivclly from site 7. fable 5 lists the pertinent Pegasus 
site information. 

Each cast extends from the surface to the bottom. In order to facilitate the 
elimination of inertial oscillations (at this latitude the inertial period is about 20 hours), 
the stations were surveyed twice, with approximatclly 9 to 1 1 hours between casts. Each 
cast has two independent profiles (upward and downward) wdiich can be analyzed sepa- 
rately or combined into an average profile. Totally 36 profiles were collected by Pegasus 
during the cruise of. June 90 and 34 were analyzed. Cast 267 have not taken into ac- 
count because the data were insufficient. 

2. ADCP 

The RD Instruments Ine. Acoustic Doppler Current Profiler (ADCP) is a 
vessel-mounted instrument (Model VM-ADCP) which utilizes the range-gated Doppler 
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Tnhie 5. VEGASVS SIWIVLY 



SX'dft Distance 
(roin the shore (km) 


Dale 1 line (/) 


Location 


Depth 

(clbais) 


25S,CI;32.S 


6 17 03:36 


36''20.12A' l22'M6.22ir 


1022 


25') C2, 43.4 


6 17 07:48 


36'’20.31A' 122"2.3.17ir 


1380 


260 Ci .')2.8 


6; 17 14:00 


76"2().I2.V 122" 16.30 II’ 


1023 


261 C2, 4,3.4 


6 17 16:12 


36''20.35A‘ 122'’2 3.0311' 


1.343 


262.C3/54.1 


6 17 15:55 


.36'‘20.27A' 122"29.25ir 


1909 


26,3 C4 6,3.1 


6 18 01:55 


3()"2o.06.V 122'’35.65ir 


2618 


264 C3, 54 1 


6, 18 06:12 


."6"20.38A* 122"29.22ir 


1883 


265/C4 63.1 


6 18 12:27 


36’'20.05A' 122".35. 73 ir 


2620 


266 C5„ 71.‘) 


(' 18 16:00 


36’’ 19.05 A' 122^4 1.0411 


3184 


267,C5'71.') 


6 19 02:23 


36''I8.97A' 122"41.IOir 


3 1 89 


268 C6 82.7 


(^ 19 07:10 


36'M9.30.V 122".‘^0.70ir 


3161 


269 C7; 102.1 


6 19 12:28 


36"|9.49A^ 123"02.86ir 


361 1 


270 C6/82.7 


6 19 17:40 


36" 19.42 A' 122"50.56il 


3139 


271 C7' 102.1 


6 19 22:28 


36"19.29A^ 123"02.88/l' 


3591 


272 C8M44.7 


6 20 05:72 


36"05.86A' 123"28.85II' 


3624 


273, C8 144.7 


6 20 18:21 


.36"05.79A^ 123"28.77ll' 


3623 


274 C9 212.7 


6 21 02:46 


35"46.22.V I24"12.46/r 


4012 


275 C9;2 12.7 


6 21 12:13 


35"46.25yV 124" 12.44 II' 


4013 



shift of the signal backscattcrccl fioin water particles along four column. '1 he relative 
velocities are made througii accurate knowledge of the ship s motion. Details o( the 
ADCP can be found in Kosro (PhS5), RD Instruinents (19S9), and iVIoschovos (1989). 

T he accuracy of the ADCP is highly dependent on the quality of the ship's 
navigational data used to convert the relative velocities measured by the ADC^P into 
absolute velocities. Variability of the ship's speed and direction and data collection in- 
terval play signiheant roles in the ADCI^ accuracy and reliability. If these parameters 
arc not carefully integrated it will lead to considerable uncertainty in the final velocities. 
Kosro (1985) and King (1989) state accuracies of A-5 cnPsec in the U component and 
2-4 cm/sec in the V component relative to current meters. 
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3. (TD 



(^nsts were iiKidc <it 22 sUitioiis utilizing a MK 111 Neil Brown Cl’l) probe with 
inaiuiracturcr sensitivities listed in lable 6. 



Table 6. MK III NKIL DROWN PROBE (MANUFACTURER'S SENSITIV- 
ITIES) 



Variable 


Range 


Acciiiacy 


Resolution 


I^rcssurc 


0-3200 db 


-f 3.2 db 


0.05 db 


'rcmpcratiiic 


-3 to -l-32"C 


-h 0.005" 


0.0005"C 


Concluctivitv 


1 to 65 mmho 


4-0.005 mmho 


0.001 mmho 



Water samples were taken at the bottom, 3000 m and 1000 m of each cast from which 
salinity values were then determined in the laboratory. The raw C I D data were cali- 
brated using the bottle samples. l igure 4 shows the residual dincrence alter calibration 
which has a standard deviation of 0.005. 'fable 7 gives details of the CTD survey. 

B. DATA PROCESSING 

1. Pegasus 

The initial data processing was done by Tariy Rago using programs written at 
the University of Rhode Island and modified for use at the Naval Postgraduate School, 
fravel times were hand-edited and converted to velocities to remove obviously bad 
points, and then vertically smoothed using a 30 meter I lamming halfwidth filter. This 
resulted in four independent profiles lor each Pegasus station, which could then be av- 
eraged together to obtain an average velocity profile at the station with inertial clfects 
partially removed. The result of the above mentioned calibration was 34 profiles which 
were used for the analysis. Two profiles of the cast 267 were rejected because insufiricicnt 
good data were recorded. 

2. ADCP 

Brielly stated, the first step in processing the ADCP raw data is the calculation 
of ship's velocity fiom the navigation data. From this navigation data the U and V 
components of ship's velocity are calculated. 

fhe next step in processing is the initial determination of the depth to which the 
data of each ensemble remains reliable, fhe basic criterion for this step comes from the 
good percent of return echoes (BIN S fATlS'l ICS FILE). By subtracting the ship's ve- 
locity from the average velocity within the chosen reference layer, an absolute reference 
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Figure 4. Difference l)e(^^een CTD sniinity and laboratory determined salinity over 
the sami')led range 

layer \ elocity for each ensemble is obtained, d he series of absolute reference \ elocities 
is then hltered with low pass 1 lamming window biter. 

Once the absolute reference velocity is determined, the velocity profiles of each 
ensemble with respect to their reference velocity arc also determined, thus yielding the 
final profiles of absolute water velocity. '1 he profiles of absolute velocity arc then a\cr- 
aged over the time interval for each run. Detailed description of converting the relative 
velocities into absolute velocities is contained in theses of Reece (1989) and King (1989). 

fhe ADCP data were initially processed by 'larry Rago using programs written 
by Paul Jessen of the Naval Postgraduate School's Oceanography Department. The 
processed profiles were averaged over 30 minutes in time and filtered vertically using a 
I lamming window with a 2 bin halfwidth. I he reference la\ er chosen was 28-48 m, based 
on a "good ping" return of at least 95 percent in that layer. 
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1 able 7. CTI) SURVEY 



Cast / Dis- 
tance IVom the 
shore 


Date, rime (Z) 


Location 


Depth 


1 '3.62 


6' 16 2137 


36"20.06/V 121”56.24/E 


47 


28.10 


6/16 2232 


36"20.07A 12U59.17)E 


100 


3/12.28 


6/16 2302 


36"20.13A 122"01.96/E 


128 


4 17.21 


6/16 2334 


36'’20.14/V 122"05.271E 


301 


5/22.58 


6, 1 7 0043 


36"20.I5A’ 122'’08.85ir^ 


673 


6'28.70 


6/17 0138 


36''20.04.V I22"13.01 II' 


934 


7,32.13 


6/ 1 7 0228 


36"20.07,V 122'’15.34(r 


988 


8/37.96 


6' 17 0540 


36" 1 9.94 .V 12 2" 19. 1 5 IE 


966 


9/42.2') 


6' 17 0642 


36"20.05,V 122'’22.14)E 


1 202 


10 47.66 


6/ 1 7 0957 


36"20.08.V I22"25.721f' 


1652 


11 '52.14 


6 17 1130 


36"20.09,V 122"28.68IE 


1851 


1 2/58.56 


6'17 2157 


36"19.98.V 122'’33.001E 


2202 


13/62.29 


6/17 2354 


36"19.96A' 122"35.47)E 


2615 


14 67.82 


6 ' 1 8 0946 


36"20.06A 122“39.21/r 


3131 


15,72.59 


6 18 1619 


36"20.26.'V 122"42.38/r 


3170 


16 '8 1.25 


618 2046 


36"20.00A' 122"48.17IE 


3032 


17/88.42 


6/18 2.308 


36"19.98A' 122"52.97ir^ 


32.50 


18/102.15 


6/19 1245 


36"19.96A' 123"02.20ir 


3569 


19 1 18.52 


6 19 2328 


36" 15.61. A 123"! 1.65/ )'■ 


3340 


20 1.50.35 


6 '20 0540 


36"06.70A 123"29.88//' 


3610 


21 188.07 


6 20 1143 


35"56.76A’ 12.3"51.'K)/r 


3930 


22 228.17 


6/21 0312 


3.5"45.39yV 124" 14.58//^ 


3842 



3. CED 

Initial processing of the C'l D data was conducted using programs written by 
Jim Stockcl. 'J’hc data were edited for bad points and averaged into 2 meter bins. After 
precruise laboratory temperature and conductivity calibration, an error still existed be- 
tween bottle salinity values and "calibrated" salinity values in the CTD data file. To 
correct this error, conductivity measurements were calibrated to water samples and the 
CTD data were further adjusted using the polynomial least squares regression fit men- 
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lioncd before. Densit}, dynainic lieiglu, and geosirojiliic velocities were calculated from 
the calibrated (11) data using Taul .lessen's programs based on the ecpiation of state, 
LOS 80, (Lofonoir, 1985) and "dynamic method" as described by I omin (1964), 
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III. ANALYSIS 



A. DESCRIPTION 

1. Hydrography 

I hi.s section first presents detailed descriptions of the temperature, salinity, and 
density fields. 1 he results from these enable us to proceed furtlier in the analysis of T/S 
characteristics, spiciness and to distinguish the water masses in the area. 1 then try to 
approximate the level of no motion (LN.VI) using Defant's method (1941). From the 
resulting LNM 1 create the dynamic topography and gcostrophic velocity cross-sections, 
fhe results from these are compared with the results taken using LNM 500 and 1000 
dhars. 

2. Temperature 

Temperature profiles of the stations can be described better if they are first di- 
vided in three distinct zones as follows: 

• "Surface zone". This zone starts from the surface and extends downward to 100 
dhars. This is the zone which is alfcclcd strongly from the atmosphere so the 
changes in temperature are abrupt and distinct. One important characteristic in 
this layer is the variation of the mixed layer depth (MLD). Starting from the shore 
(Figure 0) the M LD is very shallow and lies between 10 to .“^O dhars. As the distance 
increases the M LD increases too. reaching 80 dbars at stations far ofl'shore. From 
Station 1 to Station IS strong spatial changes of temperature occur, giving an idea 
that dilfcrent water masses are in the area. At Station 1 the water temperature is 
the lowest, from Station 1 to Station 5 (22 Km olfshore) increases, further offshore 
to Station 9 (42.4 Km olfshore) decreases. Stations 9 and 10 mark the boundary 
of two dilTerent water masses. From Station 10 to Station 13 an increase of the 
water s temperature is shown and further ollsliore to Station 16 a decrease. The 
picture becomes more clear olfshore from Station 16 where continuous increase of 
the water's temperature is shown. 

Another interesting feature in this zone is the upward slope toward the east 
of the isotherms in almost the entire range from shore to Station 18. This will be 
discussed later in detail. 

• "Second zone or fhermoclinc". 1 name "Thcrmoclinc" the zone from 100 to 1000 
dbars to include all that happens in the layers where the temperature decreases 
(first rapidly and then slowly) until the water gets its permanent temperature at 
depth. Comparing the temperature profile of all the stations in this zone with that 
in the previous described zone, we see that temperature reveals the same trend in 
variability as in the incvious with smaller magnitude, 'fhe upward bend of the 
isotherms close to the shore continues until the depth of 130 dbars and becomes 
steepest inshore. Below 130 dbars the isotherms bend downward and this happens 
until the depth of 600 (.Ibars. 

Connecting these observations with those in the previous zone, we can say 

that: 
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POINT SUR-JUNF 90 ’ ' 

TEMPERATURE 10 KM 



22 21 20 19 18 1716 134132111098 76 5 4 32 1 




Figure 5. Spatial variation of teniperalme 

■ n.xccpt at the ce^ast. relatively colder water can be distinguished between 
Stations 1 and 9 from loO dbars to a depth of 600 dbars; above 100 in. a lens 
of warinci water is found. 

■ From Station 9 to Station 1 1 the isotherms bend upward showing a cold water 
mass at the surface, coming ultimately from greater depths. 

■ Between Stations 1 1 and 16 warm water core can be distinguished in the upper 
layers. 

■ Between 500 and 1000 dbars there is a "ridge" of cold water at Station IS which 
separates warm inshore water liom warm ofFshorc water. 

■ Close to the shore strong upwelling occurs in the upper layers above to the 
depth of 1 30 dbars. 

• "Deep waters zone" 1 his zone includes the waters below’ 1000 dbars. At this zone 

the horizontal temperature remains almost the same for all the stations and a rather 

strong layering of the w’ater is observed. I his can be concluded by the hict that the 
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isotlicnns arc almost horizontal aiul as the depth increases the temperature gradi- 
ent becomes smaller. 

Temperature variability between station pairs decreases with depth. For some 
station pairs the above rule fails in that the dilfcrcnccs in temperature between the 
stations arc greater at greater depths giving an idea that these stations are the limit of 
two din'erent water masses. 

3. Salinity 

Vertically, salinity in general increases as the depth increases. Horizontally 
salinity varies as follows: 

• "Surface zone" (Surface to 100 dbars) From Station 1 to Station 5 (Figure 7) 
salinity decreases showing minimum at Station 5. Further offshore to Station 9 
salinity increases showing maximum at Station 9. Station 9 is the center of a local 
salinity high between the fresh olTshore water and the ficsh water centered at Sta- 
tion .5. Westward from Station 9 until Station 18 salinity decreases presenting 
minimum value at station 18. From Station 18 to Station 22 salinity increases 
slightly. In general the water mass landward from Station 9 is saltcr than that 
oHshorc from Station 9. As in tlie temperature ease, the salinity isohalincs present 
upward sloping close to the shore starting from a depth 130 dbars. This means that 
salty water rises from this depth close to the shore and amplifies the assumption 
of upwclling. 

• "llaioelinc" (100 to 1000 dbars). The picture is almost the same as in the surface 
zone with the difference that the changes of the salinity arc not so large in magni- 
tude. Horizontally in this layer we can distinguish two salinity peaks. One is at 
Stations 8 and 9, between the surface and 200 dbars, and the other at Station 16 
between 200 and 1000 dbars. A relatively large horizontally salinity variability oc- 
curs between 3(K) and 600 dbars landward of Station 15. *1 his gives the idea that 
strong current shear may occurs at these depths. At depths greater than 130 dbars 
isohalincs slope downward when close to the shore. 

• "Deep waters zone" ( 1000 to 4000 dbars). 1 Icrc the isohalincs arc almost horizontal 
presenting strong layering and the changes of the salinity with the depth arc very 
small. No sloping of the isohalincs is observed when these close to the shore as in 
the previous zones. 

'1 he positive .saline gradient with depth is greater at the upper 200 dbars and 
especially close to the shore, and becomes smaller as the depth increases. Salinity dif- 
ference between the stations pairs (Figure 8) clo.scs to zero after a depth. This may give 
an idea where strong motion of the water masses occur, or where the level of no motion 
is. This depth varies and it is observed that going offshore the depth where the difference 
closes to zero increases. 

4. Density 

From density profiles of the Stations (Figure 9) it is observed that denser water 
exists closer to the shore and lighter offshore. 
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Figure 6. Mixed La\er De|)(li varialioii 



Describing the ciciisity prolilc ol the stations in the same way as for temperature 
and salinity, we have: 

• "Sin lace /one". From Station 1 to Station 9 we observe first a decrease of the 
density until Station 5 and then an increase until Station 9. A surface density 
maximum is located between Stations 8 and 9 which indicates a siirfacc velocity 
shear. Ollshore from Station 9 to Station 19 there is a continuous decrease of 
density. I his gives the idea that water masses ofdilT'ercnt characteristics How in the 
area. Beyond Station 20. the upper layer density is quite homogeneous. Concluding, 
in this zone the denser surface water exists close to the shore and the lighter olf- 
shore. 

• "Pycnoclinc". As in the upper /one, in this zone the denser water is generally close 
to the shore and the lighter offshore. Between 130 and 800 dbars the isopycnals 
slope upward toward the east except immediately adjacent to the bottom. Below 
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POINT SUR-JUNE 90 ' ' 

SALINITY (PSU) 10 KM 
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Figure 7. Salinity ilistriliution 



800 clbars the isopyenals arc increasingly horizontal. In general in this zone density 
reveals the same trend in variability as in the previous zone with smaller magnitude. 

• "Deep waters zone" Below 1000 dbars the isopyenals arc almost horizontal and the 
density gradient very small. 

Looking at the whole picture we sec that in the upper layers the density gradient 
with depth is large. As the depth increases the positive density gradient decreases and 
below 1000 dbars the gradient becomes almost zero. 

5. Teniperature/Salinity characterislics 

Because the water masses mix with the surrounding waters very slowly, they 
tend to retain their original temperature and salinity. 1 he distinctive temperatures and 
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DifTerence in Salinity 



Fignic 8. Snlinily dilfcmKi's liclueen the sintions in pairs 



salinities of these masses make it possible to identify them. The identification gives us 
information on their place of origin and the rates at which waters of diH'crcnt origin mix. 

The T/S diagram generated using the data from June 19dt.) (Figure II) can be 
studied, again by using distinct depth /ones. 

• 'fhc first ?.onc ranges from the surface to 150 dbars. fhis zone includes the water 
lighter than densits anomaly (y) 26.2 kg.m\ As can be seen in the diagram at the 
surl'acc we can distinguish two different water masses, one between Stations 1 and 
15 and the other between Stations 16 and 22. The denser and colder water is at 
stations closer to the shore and the lighter and warmer ollshore. In the upper lUO 
dbars more stable water lic.s at Stations 1 to 16 and less at Stations 20 to 22. 

• The second zone ranges from 150 to 300 dbars (26.2 to 26.6 kg in'). At this zone 
the water masses of all the stations present almost the same characteristics and 
have the same stability. 

• Proceeding deeper to the third zone Ibr 300 to 700 dbars (26.6 to 27.2 kg in') the 
picture from the I , S diagrams is more complicaied and interesting. At 400 dbars 
Stations 12 and 13 present colder and less saline water than all the other stations. 
From 400 to 700 dbars Stations 17 aiul IS present colder and less saline water in 
all the range of the depth. Water mass of stations 12 and 13 is less stable than the 
water mass of the other stations and at Stations 17 and IS more stable than all the 
other stations. 

• Deeper than 700 dbars the water mass of all the stations has the same character- 
istics and stability in all the range of depth. 
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Figure 9. Spatial distrilnitioii of density 

Relating these observations with the water masses refered to in a previous par- 
agraph and Tables 3 and d we have; 

• In the upper ;tonc (0 to 150 dbars) North Pacific Subarctic Water mass mixing with 
North Central Pacific water is shown. Stations far olfshore show greater temper- 
ature due to location and remoteness from coastal phenomena (upwelling). 

• Subsurface water, signified by the salinity high near the shore and more uniform 
at depth, causes the bend of the T/S curves to the right. Small variations in salinity 
and temperature at some stations is observed which make the picture more com- 
plicated. Stations 12 and 13 show colder and less saline characteristics at the depth 
of 400 dbars and similarly at Stations 17 and 18 in the range 400 to 600 dbars. The 
presence of this variability suggests a complex How regime. 

• Deeper than 700 dbars Deep Water dominates in all the range of the depth. 
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Figure 10. Density diHeiences between the stations in pairs 



6. Spiciness 

The following isaragrapli of the definition of spiciness was taken fioni fisch 

(1990). 

"Spiciness n{0, $) is the state variable which is most sensitive to isopycnal 
thermohaline variations and least correlated with the density field ([ lament 19S6). 
Spiciness is useful for the description of interleaving and double diffusive processes 
which occur at the boundary between dilTcrent water types. Waters which arc warm and 
salty have positive n values while those which arc cool and fresh have negative n values". 

From station I to station 22 in the uiiper 50 dbars the spiciness has positive 
values, 'fhe positive scale of the spiciness, ranges from 0 to 0.7. w ith the greatest values 
on the surface and far offshore (Station 22). 1 he high tcmiicraturc on the surface at 

stations fiir olfshore from Station 15 is the reason for posititc spiciness values until the 
depth of 50 dbars although low salinity water flows in the area. At greater depths the 
spiciness profile has negative values below the depth ol 50 dbars. below 50 dbar, a lens 
of negative spiciness c.xists at some stations, llowcvcr, at 200 dbar, a layer of ]iositi\c 
spiciness is found again. This laser shoals tow'ard the coast with a tilt similar to the 
isopycnals, reflecting coastal uiswclliiig. At dejsths greater than 300 dbars and in all the 
range offshore (Station I to Station 22) only negative values of spiciness arc shown, 
bctw'ccn 300 and 600 m. large variations in the depth of the -0. 1 spiciness occur inshore 



25 



SIAHONS 



« 1 
- 2 
» 3 

• 4 

• 5 
' 6 

- 7 
" 8 

• 9 

• 10 

- 11 
- 12 

- 13 

- 15 
• 16 
« 18 
o 19 
• 20 
” 21 
o 22 



'37.0 33.5 3 VO 33. 5 3^.0 3-1.5 35.0 

Salinity ("/ 00) 

rrr*f;!;uro rongo: 0. '1000. db 



Figure II. T/S clwraderistic.s 

of station IS. This indicates the discontinuous character of undercurrent waters noted 
in the above discussion of T;S properties. 

7. Level of no motion 

Tarts of the following theoretical description of the LNM are copied from 
r'oinin (1964). 

a. Defunt's method 

Although there is not a universal objective method for determining the layer 
of no motion, 1 tried to find the level of no motion by Defant's method (1941). Ac- 
cording to this method, which is a method used in the open ocean, the level of no motion 
or the level where the current's speed is very small, is determined by differencing the 
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Figure 12. Spatial ciisli iluition of (lie Spiciiies 

dynamic depths ol isohaiic siiilaccs at a great luiinbcr of paiis of neighboring stations. 
" I he constancy ordilTeienccs in d\ nainic depths indicates that the gradient component 
of current velocity is constant along the vertical in that layer." By Defant's method it 
is accepted that the depth, or the range of the depth, where the dilTerenees in dynamie 
depths are eonstant is the layer of no motion. "Indeed, the eurve for the vertieal dis- 
tribution of differences in the dynamic depths of isobaric surfaces is identical with the 
curve for the velocity component of the gradient current that is normal to the profile. 
It is sulFtcient to multiply the diU'erencc in dynamic dcjiths by (2coL.s//r</>) ' to obtain the 
velocity of the gradient current with an accuracy to the constant value. This constant 
value is equal to current velocity at the sea surface. So Defant's method of detcrniining 
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tlic "Level of No Motion" is based on analysis of the vertical variation of the velocity 
of the current being computed by the dynamic method." 



h. Open ocean as s amp t ion 

"1 he strict constancy of dilT'crenccs in the dynamic depths of isobaric sur- 



faces of some depth interval means that the increments in dynamic depths between two 
levels are equal at two neighboring stations i.e. 



where: 

• and AD/, are the increments in dynamic depths between the isobaric surfaces 
p„ and at stations A and B and 

• a is the specilic volume of sea water. 

"Geometrically the above equation means that the areas formed by the 
curves for the vertical distribution of specilic volume between surl'aces p„ and are 
equal at stations A and B. I lence there is at least one depth in the {p„, p„^^) interval where 
the specilic volume of water is the same at stations A and B. If the distance between 
hydrological stations is small there is at least one horizontal isostere in the in- 

terval and the slopes of the isosteric surfaces must be opposite in sign above and below 
it." 

e. Resalts for Rata of June 1990 

rigure (13) shows the vertical distribution of the dilfcrences in dynamic 
depths of isobaric surfaces along the Point Sur 'I ransection. 'fhc arrows designate layers 
with similar dilfercnces in dynamic depths, suggesting the reference layer depth. 



motion is somewhat uneei tain. Close to the shore the depths where similar dificrcnces 
occur arc shallow (less than 700 dbars), further olfshorc the depth increases and in some 
cases becomes greater than 1000 dbars. 

'fhc first two curves (din'crcnces in dynamic depths between Stations 4 and 
5 and 5 and 6) show great change with depth, which means that the change of the eur- 



AD^ = ADg 



(I) 



or 




( 2 ) 



As we can sec from the graph, the selection of the depth of the layer of no 
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DifTerence in Dyn, height 



Figure 13. DiUcieiices in (l\n;iinic lieiglits of neighboiiiig stations. Tlic arrows 
designate wlicrc tlie veitical gradient of dynamic depths are similar be- 
tween stations. 



rent velocity witli depth is large. The curves oITshore from Station 8 exhibit a slight 
change with depth except between Stations 10 and II which show remarkable change 
at depth 800 dbars. The above lead to the assumption that Stations 4, 5, and 6 lie on 
the main stream of a current (lowing northward whose the velocities will be discussed 
later in the geostropliic's velocity section. OOshore from Station 8 we expect slight 
change in the velocities (mainly tit depth) and a northward core at Stations 10 and 1 1 in 
depth. 

In many cases, as it is shown in l igiire l.\ we have more than one depth 
where the layers with similar diirerences in dynamic height occur. According to Defant, 
in this case the investigator has to decide the correct depth of LNM. In my case, I 
checked the the dynamic height diirerences between the stations in pairs with the 
Pegasus and ADCP results. I decided that a LNM between 500 and 600 dbars it is the 
most appropriate to be used to study the undercurrent close to the shore. I his LNM 
cannot give good results if we want to check the currents further olfshore. In this case 
a LN.M greater than 700 (800 dbars looks to me most appropriate) has to be used. To 
get better picture of the current s velocity in the area using only one LNM for all the 
stations. I decided to use LN.M 700 dbars. In this depth most of the dilfcrences show 
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constancy with depth and the Pegasus results give zero V velocity. I believe that 
landward of Station 9 the use of 500 dbars as LNM gives better picture of the under- 
current. OlFshore lioin Station 9, use of 800 dbars gives the better picture. 

</. Diffeii'iiccs ill tfciisily hetwccn the stutioiis 

Another way to estimate the LNM is Irom the dilLcrence in density between 
the stations pairs. It is based on the same principles of the Defant's method and it comes 
through the theory which it is described in detail in I'omin (1964). The result is that the 
LNM can be estimated to be the depth where the horizontal pressure gradient between 
stations is zero. 

Lollowing the above I tried to llnd the depths where the din'erence in den- 
sity between the station pairs is equal to zero. 1 found that going olfshore the depth 
where the dilfcrence of density closes to zero increases. Landward of station 8 the depth 
where the difTerence closer to zero lies between 400 and 600 dbars. further offshore 
ranges between SOO and 1 100 dbars. 

Comparing these results with the results I'ront the Defant's normal method 
(differences of dynamic height), I decided that the level of no motion for the Stations 1 
to 8 is about 600 dbars and for the stations further offshore, 800 to 1000 dbars. 
e. Sii/iiiity vai iution betn eai the stations in pairs 

1 he above results become more reliable when we compare these with the 
salinity distribution. If we take into mind that the water velocity shear causes salinity 
variations and. from the other side, motionless water usually is homogeneous, then tak- 
ing the dilferences in salinity between the stations in pairs we get about the same results 
as above. 

'fhe depth where the difference in salinity closes to zero landward of Station 

8 is about 400 to 700 dbars, at stations offshore from Station 8, 800 to 1 100 dbars. Most 
of the stations show a depth 60o dbars. So based on all the above I decided to use as 
LN.Vl 700 dbars as the most representative for the area to proceed finding the 
gcostrophic velocities. 

8. Dynamic topography ' 

a. Dynamic topography for 500 dbars 

For the first 4 stations the programs didn't give dynamic height values. 
Further offshore "High" and "Low" occur as are shown in Figure 14. From Station 5 to 
Station 9 (23 - 42 km) the dynamic height decreases giving the lowest value at Station 

9 (42 km). Offshore from Station 9 the dynamic height increases giving the highest value 
at Station 20 (150 km). According to the above we can say that landward of Station 9 
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uc expect (low going noillnvard whose the velocities will be given in the gcostrophic 
velocities plots. Station 9 it is expected to be the limit of two diircrcnt (lows. Due to 
continiioush' increasing of the dynamic height values oirshorc from Station 9 a broad 
southward current it is expected until Station 18 (100 km), and southeastern until Sta- 
tion 20. I'lirthcr oHshorc to Station 21 (100 kni), the direction of the (low is expected 
to change to the northwest. 
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b. Dynamic lo/wyrapby for 700 tibars 

I or tlic first 5 stations the DYNIiG f program didn't give values of the 
dynamic heiglit because the stations arc too shallow I'or the LNM 700 dbars. from 
Station 6 to Station 9 (29-43 km) the dynamic height decreases showing the smallest 
value at Station 9. Further offshore from Station 9, the dynamic height values increase 
giving the highest value at Station 20 (150 km). I'rom Station 20 to 21 (190 km) the 
dynamic height values decrease. To connect this changing of dynamic height with the 
water flows which we expect, we can say that from Station 6 to Station 9 we expect a 
northward current whose the offshore limit is at Station 9. Further offshore to Station 
20 we expect a broad southward current and more offshore to Station 21 a northwestern 
How. 

'faking into account the dynamic height differences between the station 
pairs we expect the core of the northward current close to the shore to be between 
Stations 5 and 6 (23-29 km). The velocities of this current will be given later geostrophic 
velocities section. 

f. Dynamic topoyragby for 1000 dbars 

Until Station 8 (38 km) no dynamic height can be computed because the 
stations are too shallow for the used LNM. Ihirther offshore the dynamic height of the 
stations increases with the highest point at Station 20 ( 150 km). According to the above, 
from Station 9 to Station 18 (42-102 km) we expect southward flow. Between Stations 
18 and 20 (102-150 km) southea.s.tern flow and between 20 and 21 (150-190 km) north- 
western. '1 he important information which is given in this graph is that the lowest value 
of the dyn. height still remains at station 9 so this station can be accepted as the 
landward limit of the broad southward current. 

9. Velocities 

a. Geostrophic Velocities 

When high pressures are on one side and low pressures on the other, motion 
of the water starts from high to low. As the motion starts the Coriolis force acts and 
deflects the water to the right in the northern hemisphere. As the water is deflected the 
Coriolis force will always be perpendicular to the new deflected motion and turning of 
the current will continue until the Coriolis force opposes and balances the downhill 
component of the gravity force. When this stage is reached the water will move along 
the topographic contours and geostrophic motion has been generated. This geostrophic 
motion w411 continue indclinetely if friction is absent. Profiles of the geostrophic veloci- 
ties have been drawn for 3 levels of no motion as follows. 
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Figure 15. Ceostrophic velocities tor LNM 500 dhars 



• Gcostrophic velocities for I \M 500 Jbais. 

Tlie big picture includes a northward flowing current close to the shore 
and a southward current ollshore IVoin Station 9. I'urther olLshore from Station 
IS soutlieastward flow it is shown which actually is the southeastward component 
of the southward current w hich is mentioned before. 

file greatest depth to which the currents extend and tlie speed of the 
currents with depth var>' as follows. 1 he northward flowing current close to the 
shore presents the greatest speed at a de|*>th 150 dbars and it is 36 cm see. '1 he 
northward flow penetrates to 500 dbars between Stations 4 and 5. The southward 
flowing current shows the greatest s|'»eed at the surface (between Stations 1 1 and 
12 and Stations 17 and IS) and 36 cm 'sec. It is a shallow current and its greatest 
deptli is 300 dbars. 

• Gcostrophic velocities for LNM 700 dbars. from Station 2 to Station 9 a 
nortlnvard current is shown, d he core of this is located at Station 5 and the max- 
imum velocity 36 cm see. Offshore fioni Station 9 a broad southward current is 
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Figure 16. Geostropliic velocities for LNM 700 clhars 



shown wliosc the maximum velocity is 32 cm, 'sec ami extends until Station 18. Due 
to the change in the orientation of the line ol' the casts from Station 18 to Station 
20 a southeastern current is shown which actually is the southeastern component 
of the previously mentioned southward flowing current. Offshore of Station 21 a 
northwestern flow is shown which is restricted in the upper 300 dbars. 

• Geostrophic velocities for LNM 1000 dbars. 

As in the previous case the big picture for LN.M 1000 dbars is a northward flowing 
current close to the shore until Station 9 (43 km offshore) and a southward current 
offshore from Station 9 to Station 18. Further offshore southeastward flow is 
shown until Station 20 and northwestward until 21. The southeastward flow actu- 
ally is the southeastward component of the southward flow mentioned before. 

Greatest speed of the northward flowing current is 44 cm, 'sec, at 150 
dbars and the greatest depth 800 dbars. The southward flowing current shows 
greatest speed 32 cm, 'sec at surface and greatest depth 900 dbars. 
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All three LNM give about the same picture; a relatively strong northward 
flow close to the shore and a southward (low further oOshorc of Station 8 or 9. lr\ing 
to compare the results from the three used LNM, we see that as the depth of LNM in- 
creases stronger northward velocities are shoun close to the shore. Moic, as the depth 
of' the LNM inci eases the northward flow is shown wider reaching to a distance 72.5 km 
ofTshore (Station 15). 1 he results Irom these have to be compared with the results from 
Pegasus, ADCP and AVllRR (or better results. 

Something which wasn't mentioned in the three geostrophic profiles, but 
which is present in 1 leurc 10, is the southx^'ard (lowing coastal jet. Ihis is the result of 
the stromj fa\’orable (or up\\'clhng winds and it is restricted close to the shoic. It pre- 
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sciUs its maximum speed at surface which is 10 cm, 'see. It is a very sliallow current 
carrying mainly cold upwcllcd waters. 
b. Pegasus Vclocilics 

n ) r ]'clociiics. As was mentioned in a previous paragraph, the starting 
point of Pegasus survey is 33 km olfshore. The first seven stations start from 36"20. 12 
X and 122^16.22 W and extend westward, laying on the same parallel and are at 10 km 
intervals. This arrangement gives the advantage for better covering of the area closer to 
the shore and the chance to study the current close to the shore. 

I 0 study the currents in the area with Pegasus, I found the V veloci- 
ties first for the drops 25S. 2.s9, 2(>2, 263, 266, 268. 269, 272, 274 (first run) and second 
for the drops 260, 261. 264, 265, 270. 271, 273. 275 (second run). 

'I'o examine the relationship of the V velocities in each station for the 
first and second run in the upper 400 dbars, I averaged the V velocities in bins of 20 
dbars and examined the mean and the standard deviation of the V velocities horizontally. 
As it was expected the the greatest northward mean velocities occur close to the shore. 
Offshore from Site C4 the mean velocities are southward until Site C9. Site C9 shows 
again weak northward velocities in all the range of the depth (400 dbars). The greatest 
values of standard deviation occur at sites close to the shore and upper layers and the 
smallest offshore. 'Phis gives an idea that the northward undercurrent close to the shore 
experiences great V velocity variations caused by different forces, as for example inertial 
motion, winds, internal wanes, tidal waves, etc. Current meters data for the same period 
show that the inertial motion can cause variation of the California Undercurrent's ve- 
locity of up to 4 cm'sec. fidal constituents can affect the current's velocity up to 6 
cm, sec (Sielbek, personal communication). Taking these information into account, we 
can justify somewhat the large values in standard deviation. Hut I believe that further 
study of the problem with current meters data is needed for better results. Of course in 
these high standard deviation indications we cannot exclude the device's errors and po- 
sition errors (different position of measurement in the first and second run). 

T he average velocity of the tw'o runs should cancel some of the effects 
from all the factors which cause the variations and give a more integrated picture of 
what happens in the area. ITgurc 18, which gives the average velocity cross section, 
shows details of three flow regimes. Poleward flow' is shown in the upper 700 dbars until 
the distance 72 km offshore. T his current is strongest at the upper layers (almost the 
surface) and weakens as the depth increases. T he maximum speed of this is 32 cm, sec, 
the core of which is located at a depth 40 m. 
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Figure 18. Pegasus V \'elocilies. Aveiage velocities of the nms 

onshore from Pegasus Site C5 (72 km) to Site C7 an eciuatorwaitl 
flow is shown in the upper 1400 Jbars. The greatest velocities are on the surlace. 1 he 
core of this flow is located at 102 km oll'shore and the greatest speed is 24 cm sec. 1 he 
southward How extents to a distance 180 km olPshore. 

I iirther ollshore Ironi 180 km the How becomes northward btit the 
speed of this does not exceed to 10 cm'sec. 4'he vertical extent of this far oH'shore 
poleward How is 800 dbars. At depths greater titan 1500 dbars the alongshore velocities 
are southward and in most places are almost zero. 

Relating these results with Chelton's suggestions (alongshore 
geostroj'ihic velocities at 150 dbars < 10 cm sec and southward How during June), ^^■e 
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conclude that tlic velocities in this case are mucli dilTcrent than that of Chelton's, who 
suggested southward How during this period. Compaiison of these with the geostrophic 
velocities for LNM 700 dbars discussed before, gives the same picture. Strong nortluvard 
(low close to the shore and southward less strong How offshore from Station 9. At depth 
the northward flow close to the shore flow extends further offshore to Site 12. Com- 
paring these results with the geostrophic velocities of previous studies of NFS students 
for about the same period, ( fable 2) it is observed that tliese velocities are higher. 

Figure 19 gives the cross section of V velocities for the first and sec- 
ond run and the opportunity to check for the differences or similarities between the two 
runs. 'I he first run shows a strong northward flow close to the shore extending 83 km 
offshore and at a depth 650 dbars. The greatest speed of this is 32 cm/sec at a depth 50 
dbars. At distances greater than 83 km offshore, a southward flow is shown which ex- 
tends until 190 km ofishore. This southward flow looks slower than the previous 
northward, but wider and shallower. I he greatest speed of this is 24 cm/scc on surface 
and decreases downward. Some southward and relatively strong cores appear to be 
generated at depths but below 1500 dbars all these diminish so at greater depths no 
motion is shown. Further ofishore from 190 km northward flow appears with small ve- 
locities (smaller than 8 cm/scc). 'fhese northward velocities extend downward to 800 
dbars. Deeper than this depth weak northward cores appear in all the range of the depth 
(4000 dbars). 

As in the first run. second run shows a strong northward flow close 
to the shore extending at the stnfacc 95 km offshore, 'fhis northward flow is strong in 
the upper layers and weakens as the dcjith increases, fhe greatest speed of tliis flow is 
32 cm/scc at a dc|>th 30 dbars and closes to zero at a depth 700 dbars. From 95 km 
offshore to 190 km offshore a southward flow is shown, fhis southward flow is stronger 
at the upper layers and weakens as the depth increases. Maximum velocity of this flow 
is 28 cm/scc at a depth 30 dbars and weakens as the depth increases. Some cores of 
stronger southward flow arc shown at depths greater than 500 dbars to 1300 dbars, 
which diminish after 1300 dbars. Offshore of 190 km northward flow again is show'n wdth 
smaller velocities than the previous two flows. This northward flow extends downward 
to a depth of 1000 dbars, at greater depths no water motion is shown. 

Both cross sections show clearly the California Undercurrent flowing 
northward with the core located at a distance less than 33 km from the shore and deptli 
50 dbars. The width of the northward flowing undercurrent on the surface in the second 
run is greater than the first leading to the assumption that external forces as the wind 
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Figure J9. Pegasus V N'elocides. Top lirsl run. BoUom second run 

and tides may alFcct the undercurrent at surface. This may be related to the NW wind 
because the winds become stiongcr during the time interval from the first measurement 
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of the Sites Cl and C2 to tlie second. It is e.xpecteJ such a wind will cause an olTshore 
increase of width of the northvvard llowing undercurrent. This increase is due to the 
Coriolis force which deflects the water to the right. The picture of the southward flowing 
California Current looks almost the same for the two runs giving the core at 1 10 km 
olfsliore. 

The important conclusion is that in both cases the general picture is 
the .same, presenting strong the northward flowing California Undercurrent and the in- 
shore branch of the southward flowing California Current. 



Table 8. SUMMARY OF THE PEGASUS RESULTS 



Tlow charac- 
teristics 


VI (P' 
run) 


V2 (2"'' 
run) 


V (Aver- 
age) 


Ul (1" 
run) 


U2 (2"^ 
run) 


U (Av- 
erage) 


Width (km) 


< 63 


< 84 at 
sfc and 

< 54 at 
50 dbars 


< 75 


< 62 


< 82 at 
sfc and 

< 46 at 
50 dbars 


< 52 


Depth (dbars) 


6,50 


700 


650 


700 


70t) 


700 


Direction 


North 


North 


North 


West 


West 


West 


Speed 
(cm sec) 


32 


32 


32 


16 


16 


16 


Core's dis- 
tance (km) 


< 33 


< 33 


< 33 


< 33 


< 33 


< 33 


Core's depth 
(dbars) 


50 


50 


50 


sfc 


sfc 


sfc 


Width (km) 


63 - 1 74 


84 - 103 


75 - 180 


62 - 220 


82 - 220 


52 - 220 


Depth (dbars) 


300 


300 


300 


600 


400 


600 


Direction 


South 


South 


South 


laist 


East 


East 


Speed 
(cm sec) 


24 


28 


24 


20 


20 


20 


Core's di*;- 
tance (km) 


105 


1 10 


1 10 


180 


150 


150 


Core's depth 
(dbars) 


sfe 


sfc 


sfc 


70 


100 


100 


Width (km) 


> 174 


-> 193 


> 180 








Depth (dbars) 


800 


1000 


1000 








Direction 


North 


North 


North 








Speed 

(cin'sec) 


< 8 


< 8 


< 8 








Core's dis- 
tance (km) 


> 210 


> 210 


> 210 








Core's depth 
(dbars) 


sfc 


70 


sfc 
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(2) r I 'clncilics 



As was done lor the V velocities, 1 tried to examine the relationship 
of tile U velocity (or each station lor the first aiui the second run looking at the mean 
and the standard deviation hori/ontally for e\ ci y 20 bins. 1 he standard deviation values 
show that the greatest variation of the U velocities between first and second run occurs 
close to the shore (Sites ('1. ('2) and mainly in the upper layers. 1 he main reasons whicli 
cause these variations, it is estimated, arc the same as for V velocity (tidal waves, wind, 
navigation errors, etc), 'faking into mind that wind can cause remarkable increase or 
decrease of the U velocities and checking how the wind velocity changes from the first 
to second run we ex|iect such great \alucs of standard deviation. 

1 he conclusion from the study of the standard deviations of the U 
and V velocities is that the greatest variations occur close to the shore, and mainly in the 
upper layers. 1 his leads to the assumption tluit an external factor mainly causes these 
variations. 1 his external factor should be the wind, which causes the inertial motion and 
allccts the current's velocities or tides etc. I his h;is to be investigated in the future with 
current meter data to form a better ]iicturc of the short term variability. 

Figure 20 gives the average cross section of U velocity including the 
results of all these fiictors which cause the velocity variations. In this picture arc ob- 
served three flow regimes. '1 he first one, close to the shore, is a westward surface current 
which starts from the surface and extends to a depth 750 dbars. I his flow is stronger 
close to the shore and weakens as it extends olFshore about 70 km. fhe maximum speed 
of 20 cm, sec is on the surface, fhe second regime is an eastward landward flow starting 
from 70 km olfshore and extending all the way oll'shore to Sites C9. 'fhe maximum 
speed of this is 20 cm sec observed on a dejith 100 dbars. but as the depth increases the 
current weakens. Between Sites CS and (>) this How is extended to a depth of 650 dbars 
but between Sites C8 and CO the inshore current extends all the way down to the bot- 
tom. 

Finally there is a weak olfshore How between Stations C8 and C9 
which starts at a rlepth 050 slbars ;md extends downward to the bottom. 'I his weak 
olfshore How doesn't exceed the 4 em'see and in most of the places is approximately 
zero. As it is shown in 1 igurc 25 we see two centers of the How. One center for the 
olfshore How and one for the inshore How. '1 he center of the offshore How is located 
close to the shore at a distance 30 km from the shore and depth 30 dbars. I he center 
of inshore How is located at a distance 155 km olfshore and at a depth 165 dbars. 
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Distance Offshore (Km) 



Figure 20. Pegasus U VelociUcs. Average velocities of the runs 

To compare the U velocities oftlie first and second run, a description 
of tlic U velocities cross section follows for the two runs (Figure 21). The important 
conclusion from this description is that the picture of the two runs is about the same. 
The elFects of an external force (most possible the wind) are shown clearly where 
strongest westward velocities occur at the second run due to the increase of the wind 
force during the time period between the two runs. 
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Figure 21. Fcgnsus U Velocities, lop first run. Bottom second niii 

'I he first run (the ch op nunihcrs given above) shows westward flow 
close to the shore until the Site C3. d his westward How extends downward to 700 dbars 
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below of which becomes easlward. Olfshore Iroin Site C3 eastward velocities are shown 
which become stronger as the distance oll'shore increases. Largest velocities occur in the 
liist 30t) dbars. At gieaici' depths these \clociiics become smaller than 2 cm/scc. At 
distances ISO km odshorc and below 1000 dbars weak westward How occurs. As the 
depth increases tliis weak westward flow approaches to zero. 

1 he second run gives about the same picture as the first run. Close 
to the shore westward velocities occur, which at the surface are stronger and reach to a 
distance of 82 km olfshore. As the depth increases the speed of the westward How be- 
comes smaller and below 1500 dbars depth no westward flow occurs. Offshore from 
Station C6 a stronger eastward flow occurs. The strongest velocities occur close to the 
surface and reach to a value of 16 cm, sec. As the depth increases the flow weakens and 
at the depth of 500 dbars no eastward motion is shown. Deeper than 500 dbars (600 to 
800 dbars) an eastward llowing core is shown which disappears after 800 dbars. In 
greater depths no water motion is shown. 

(3 ) Pegasus plan view 

Figure 22 presents the Pegasus determirted- velocity vectors at three 
depths (10. 110 and 210 dbars). 1 he Undercurrent flows northward following the local 
trend of the isobaths with a larger olfshore component at the surface. 1 he surface flow 
may be influenced by the local upwclling at Point Sur. The flow reversal seen at Site C6 
marks the transition from the Undercurrent to the California Current. Farther olfshore 
at C9 the meander tendency of the. California Current is observable by the velocity vec- 
tors. 

c. ADCP Velocities 

To get the ADCP U and V velocity profiles, I used the time that Pegasus 
instrument was dropped into the water and the time that the Pegasus surfaced. On the 
basis of these times and using 30 minutes time intervals (15 minutes before and 15 min- 
utes after) 1 plotted the U and V velocities for the first and the second run as defined for 
Pegasus. This allows a good comparison of ADCP and Pegasus data. 

( 1 ) V I'elociiies 

The average ADCP V velocities of the two runs show; 

• Close to the shore to a distance 65 km offshore, poleward flow whose the maximum 
speed is 32 cm, sec. 'flic core of this poleward flow is at a distance 32 km offshore 
and the depth 40 dbars. The greatest depth of this poleward flow is 340 rn. 

• From 65 km offshore to 170 km offshore equatoward flow occurs, flie core of this 
flow is at 1 10 km offshore and the at a depth 30 dbars. The highest speed is 28 
cm 'sec and occurs close to the surface. In general the speed of this current is 
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Fi gure 22. Pegasus true velocities 



smaller than the speed of the poleward (low close to the shore. Further ofT'shore 
from 170 km the flow is again northward hut quite smaller than the inshore regions. 

I'o examine the relationship (similarities/dilTerences) between the two 
rufis a description of them follows which shows clearly that both of them give the same 
results with the exceptions that in the second run: 

• I'hc northward llowing California IJiulercurrent extends further offshore than in 
the first and 

• At distances greater than 170 km there was no northward flowing current on the 
surface. 

Both exceptions lead to the assumption that phenomena like inertial motion, wind or 
tidal waves alTect the currents in the area. 
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Figure 23. ADCP V Velocities. Top first run. Bottom second run 

ADCP V velocities for the first run show strong northward flow close 
to the shore until a distansc 40 kin onshore. 1 his strong northward flow occurs in all the 
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riinge of tlic depth (400 ni) with ;ilniost the same strength. I roin 40 to 170 km southward 
(low occurs. This (low is shown stronger in the upjrer Uncis and weakens as the depth 
increases. 1 he greatest velocity is 28 cm sec ;it a depth of 30 dbars. hast, ollshore (rom 
170 km northward (low is again shown with stronger velocities at suiTace. I hcsc c.xtend 
to whole the range of the depth 4l)0 dbars. 

V velocities of the second run inesent quite the same picture as in the 
previous case. 1 he only dillcrence is that in the upper 30 dbars and ollshore (ioin 170 
km, we don't get the northward weak velocities as in the previous case, but these start 
after this depth. 

Comparing the AIK'P V velocities plots with the I’egasus \' veloci- 
ties, we see e.xcellent correspoiKlence. Northward (low close to the shore in the upper 
700 dbars (this depth cannot be seen in the ADCP plots) with greatest speed 36 cin'sec. 
and southward weaker beyond 42 km ollshore at surface and 60 km at depth. Oflshore 
from 170 km noi thward weak (low again occurs. 
f2J U I clod lies 

The average U velocities show; 

• Close to the shore a westward (low. with the velocity greater at the surface and 
decreasing as the depth increases. 1 he westward (low is shown in all the range of 
the depth (400 m) and it is stronger closer to the shore. 1 he offshore limit of this 
(low is at 35 km from the shore. 

• At 35 km oflshore an eastward flow whose the velocity increases as the distance 
offshore increases. At 115 km offshore the eastward (low reaches its maximum 
speed on the surface. ITirther ollshore the surface speed decreases. 

• At 175 km offshore, a westward flow appears, fhis flow occurs only at surface 
because below 60 dbars an eastward and relatively strong core flows which extends 
downward to 400 

AD('P U velocities for the first and second run give the same picture 

in the area. 

• Westward (low at the suiface close to the shore, which shows in a distinct way the 
proccess of the upwelling and 

• Eastward How at distances greater than 45 knt from the shore to 165 km. 

• Weak westward flow again after 165 km oflshore. 

Comiraring this with the results from Pegasus measurements we get 
an excellent correspondence, fable 9 gives an integrated picture of U and V velocities 
in the area measured by the ADCP. 
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Figure 2A. ADCP V Velocities. Average velocities of the rims 
10. cue Transport 

Tlic cue transport was calculated by first dividing the whole cross section of 
the cue in smaller sections and then was taking into account the most appropriate 
speed for the section. The result is that the Undercurrent's northward transport during 
June 1990 was 2.9 Sv. Relating this value with previous results we see that the CUC for 
June 1990 shows a medium size transport. 



48 



Depth 




Distance Offshore (Km) 




Figure 25. ADCP U Vcloeilics. Top first run. Bottom second run 
11. AVllRR Im.ngery 
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Figure 26. ADCP U Velocities. Average velocities of the runs 

The Advanced Veiy High Resolution Radiometer (AVllRR/2) instruments, 
carried on the TIROS-N/NOAA series of polar orbiting satellites, arc used to obtain Sea 
Surface Temperature (SST) images for the study region. The AV11RR./2 instruments 
measure emitted radiation in five wavelength bands, visible (0.6-0. 7 n m), near infrared 
(0. 7-1.1 n m), and thermal infrared (3. 5-3. 9 n m, 10.5-11.5 fi m). Using the thermal IR 
bands enables estimation of the sea surface temperature, correcting for atmospheric 
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Figure 27. AMIRR IR Imnge 



contaminalion (McClain cl al. F^S5). I he satellite data were first calibrated and navi- 
gated to Faith coordinates. When possible, icmpcratuie was computed pixel by pixel, 
fbllovvcd by land masking and cloud detection. 

Data for 20 June 1990 arc given in Figure 27. vStarting from ofl'shorc to the 
southwest the ocean is obscurred by a warm cloud which extends to the northeast half- 
way between the Stations 19 and 20. '1 he warm temperature of the cloud indicates that 
this is very low. 1 he rest of the image appears clear over the ocean, l our distinct cold 
water sources are observed north of 35 ^ N. One at Point Lopez, second at Point Sur, 
third at Pt Ano Nuevo (north of Santa (a u/) and the last at Pi Reyes. Plumes of cold 
water (light grey) extend away from these sites. '1 he Pt Sur transection at 36^20' N ap- 



51 






Table 9. SUMMARY OI THE ADCP RESULTS 



flow charac- 
teristics 


VI (1" 
run) 


V2 (2'-' 
run) 


V (Aver- 
age) 


U1 (D 
run) 


U2 (2'’'' 
run) 


U (Av- 
erage) 


Width (km) 


< 55 


< 55 


< 55 


< 45 


< 45 


< 42 


Depth (dbars) 


4()() 


330 


350 


400 


30 


400 


Direction 


North 


North 


North 


West 


West 


West 


Speed 

(cm'sec) 


32 


28 


28 


16 


24 


22 


Core's dis- 
tance (km) 


< 33 


< 33 


< 33 


< 33 


< 33 


< 33 


Core's depth 
(dbars) 


50 


50 


50 


sfe 


sfe 


sfe 


Width (km) 


55 - 155 


> 55 


55 - ISO 


45 - 165 
(sfe) and 
45 - 220 
(below 
30 

dbars) 


45 - 165 


40 - 150 
(sfe) 
and to 
220 be- 
low 30 
dbars 


Depth (dbars) 


400 


160 


220 


400 


400 


400 


Direction 


South 


South 


South 


fast 


East 


fast 


Speed 

(cm'sec) 


2S 


2S 


24 


20 


16 


14 


Core's dis- 
tance (km) 


100 


115 


1 10 


175 


155 


160 


Core's depth 
(dbars) 


30 


30 


30 


240 


150 


180 


Width (km) 


> 170 


> 165 


> 180 


> 135 


> 165 


> 150 


Depth (dbars) 


40(,) 


30 - 230 


400 


sfe - 30 


sfe - 60 


sfe - 50 


Direction 


North 


North 


North 


West 


West 


West 


Sj'^ced 
(cm, see) 


16 


4 


8 


4 


12 


8 


Core's dis- 
tance (km) 


210 


> 210 


> 210 


155 


> 210 


180 


Core's depth 
(dbars) 


sfe 


50 


30 


sfe 


sfe 


sfe 



parcntly bisects two of these plumes as indicated by tlie colder surface water from 
Stations 1-5 and 10-15. Olfshore of Station 15 warm water (dark grey) appears again 
whose the temperature increases as the distance offshore increases. 

The satellite image related with the velocities and phenomena discussed previ- 
ously suggest that the cold water close to the shore comes from Pt Sur. Offshore the 
water is strongly affected by a cold plume derived from one of the northern sites. 
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According to the \clocity dcscriiuions ofT Point Sur, close to the shore warm 
poleward How extends to a distance 75 kin onshore with the core at 33 km. In addition 
westward How takes place strongly nllectcd by the wind stress and ampliryiiig the np- 
welling in the area. 1 he above leads to tlie conclusion that close to the shore the waters 
coming up arc mixed with the warm nortliward flowing current and lie in the area ex- 
tending westward. 1 he strong upwelhng close to the shore extends ofTshorc to Station 
5. Between Stations 5 and 10 there is a tongue of warm water separating plumes of 
colder upwclled water. 

OlTshorc from Station 10, as it was mentioned earlier, cold waters again appear 
on the surface, llccalling the \clocitics section described before, od'shorc from Station 
10 the California Current appears on the surlacc flowing southward, fhis gives the idea 
that waters coming from the north are in the area. Figure 27 shows clearly the phe- 
nomenon. The cold waters appearing in the area arc the waters of the two northern 
upwelling centers. '1 hese waters came up from a depth and then because of upwelhng 
favorable winds were drawn southward and affect the area between Stations 10 and 15. 

Further olTshorc from Station 15 warm waters cover the all area becoming 
warmer as the distance ofTshorc increases. Here the upwelling centers do not affect the 
sea surface temperature. 

Stations 20 to 22 arc under the clouds and the sea surface temperature cannot 
be detected. 

D. DISCUSSION 

'fhc poleward undercurrent over and along the continental slope has been observed 
at several latitudes between Baja, Calilbrnia and Vancouxer Island. y\ccording to fibby 
(1941) and Reid (l^^SS) indirect evidence of this (low is clearly visible in the large-scale 
tcmpcraturc-.salinity characteristics of coastal waters as northward-tending tongues of 
relatively warm, saline water. More detailed studies of particular regions also show a 
concentration of waters of more southerly origins along the continental margin (c.g., 
Wickham, 1975; Reed and 1 lalpcrn, 1976). ('hcltoii (1984), from an analysis ofCalCOFl 
sections olT Point ,Sur describes that the undercuircnt off Point Sur, is confined to the 
continental slope region within 75-100 km of the coast. This nearshore poleward flow' 
at depth is absent March-May. It first ap])cars in June-July and is present through 
February. The poleward How extends all the way to the surface from October through 
February with maximum poleward velocity at surface in December (14 cm'sec). During 
the remainder of the year the maximum poleward How is below the surface. According 
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to the same study, tlie undereun ent olh I’oint Sur was never observed in June and only 
weak poleward (low has ever been observed in July. The diagrams exhibited in his report 
giving the seasonal time series of alongshore geostrophie velocity at the surface and 150 
dbars with respect to LN'M 500 dbars show southward (low at surface and zero velocities 
at 150 dbars during June. 

Data IVom June 1990 clearly show that the colder waters are closer to the shore and 
the warmer ofl'shore. vSalinity cross section shows that the more saline water is close to 
the shore, fhe background knowledge about the physical phenomena in the area during 
this period gives the information that this period is the upwelling period and low tem- 
perature and high salinity waters are expected in the area. Temperature and salinity 
profiles (Figures 5, 7) give the picture that water masses of more southerly origins flow 
along the continental margin. This can be concluded by the fact that a core of relatively 
warm and saline water flows northward surrounded by colder upwelled saline water. The 
offshore limit of this northward flowing core is located between 60 to 70 km offshore and 
vertically extends from surface to 700 dbars. As the geostrophie velocities and V veloc- 
ities of the Pegasus and ADCP data show, on the surface this northward (lowing current 
is narrower but at depth of 200 to 300 dbars gets its maximum width of 60 to 70 km. 
These results agree with the countercurrent described by Sverdrup and Fleming (1941). 
In my case the countercurrent is observed at the surface too. Rcfering to the more re- 
cent descriptions of the undercurrent, 'countercurrent at Point Sur by Chelton (1984), 
June 1990 data show a much difl'erent picture. Chelton determined that the undercurrent 
wasn't observed in the years 1950 to 1979. 'fhe strong Undercurrent observed close to 
the shore in June 1990 suggests that Chelton may not have had stations sufTicicntly close 
to shore. The lack of an Undercurrent may have been due to the data distribution rather 
than real variability. 

The bend of the isotherms, isohalincs and isopycnals upwards toward shore clearly 
shows the upwelling in the upper 100 dbars. Comparison of AVIIRR and temperature 
section demonstrates that upwelling plumes are shallow features. This is in phase with 
the Sverdrup assumption that the upwelling water rises from moderate depths only, 
probably less than 200 m (Sverdrup and Fleming, 1941) and the phenomenon represents 
only an overturning of the upper layers. Closer examination of U velocities measured 
by Pegasus and ADCP can give an idea of the upwelling in the area, which happens at 
a distance from the shore. In all the cases, far oOshore a relatively strong eastward 
flowing core is observed at depths 100 to 150 dbars. This core shallows and weakens 
closer to the shore, giving the idea of the upwelling offshore. 
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I '-S char;ictcnstics clearly yive the expected water masses in the area. As was de- 
scribed earlier, the erjuatorial water masses llowing northward in the area affects the 
Subarctic North Pacific water mass flowing southward and close to the shore creates the 
bend in the 1 /S chanictcristics. In the upper Itiycrs (surface to 150 dbars) wc can dis- 
tinguish two diflerent water masses. One of the them is for the stations close to the shore 
(Stations 1 to 10) and the other far offshore. 'f,'S characteristics of the Stations 10 to 
15 (in the ui">per layers) lie between the T S characteristics of the two mtisses. The first 
one (between Stations 1 and 10) has high salinity and low temperature, the second has 
low salinity and higher temperature. '1 his construction clearly gives the picture of the 
hquatorial Water mttss close to the shore affected by the upwelling and the less saline 
Subarctic North Pacific water mass offshore. I he product from the contribution of the 
two water masses is shown clearly just below' the 150 dbars where the bend of the char- 
acteristics is shown. Another important point is at the depth of 300 to 700 dbars where 
stations offshore from station 14 present f/S characteristics different than the other 
stations. 1 his gives an idea that at this depth the northward flowing undercurrent, which 
carries Equatorial wateis, is restricteil in the area close to the shore, further offshore 
the Subarctic North Pacific water mass dominates. 

The Level of No Motion determination still remains uncertain because there is no 
method which guarantees this. Some of the most acceptable methods were applied and 
the result was that the most representative LNM was at 700 dbars. I believe that close 
to the shore the LN.M is somewhat shallower. Offshore it becomes greater, but this has 
to be investigated by the current meters. y\n indication for the LN'M is given by the 
salinity differences between the stations in pairs. These show' that with a depth they tend 
to close to zero, giving an idea that below this depth the water motion in the area is al- 
most zero and the water is almost homogenous. The depths where the salinity differ- 
ences close to zero varies olfshore. Close to the shore the zero difference in salinity 
between the stations is observed at a ilcpth of 400 dbars. further oflshorc the depth in- 
creases reaching to 1000 dbars. Of course the depths where the differences in salinity 
close to zero cannot be accepted as the depth of the LNM because horizontal and ver- 
tical difliision factors are taken into account, but still there is a good indication of the 
level where the motion is very small. Density differences between the stations give a 
better picture of the LN'M depth. 1 he reason for this was described analyticaly in the 
LN.M section. '1 he depth where the density differences close to zero and the range of 
depth where the dyiuimic height differences show constancy agree giving the results 
mentioned before. 
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1 he gcostropliic, Pegasus and ADCP velocities give an integrated picture ofhow the 
coastal jet, California Undercurrent and California Current look in June 1990. Ihe 
California Undercurrent is the most iinpoi tant characteristic in the area, and for .lune 
1990 presents features much different than those described by Chelton (1984) using av- 
eraged data for many years. According to the data of June 1990, the California Under- 
current off Point Stir is shown to occupy the area from Station 2 to Station 9 at the 
surface. Deeper (100 to .100 dbars) the Undercurrent becomes wider reaching to Station 
12. Deeper than 300 dbars it becomes narrower and extends to the depth of 700 dbars. 
The maximum northward velocity of this is shown at distance 25 km from the shore, 
depth 100 to 150 dbars and it is 36 cm/sec. I he data give a different picture of the 
Undercurrent than this described by Sverdrup et al. in "The Oceans" (1960). According 
to them, the Undercurrent is a northward (low at depth 200 m. 

Relating the results for the Undercurrent from data of .lune 1990 with those from 
the previous seven cruises analysed by students of the Naval Postgraduate School, June 
1990 gives about the same picture. Tisch ( 1990), studying the seasonal variability of the 
geostrophic velocity and water mass structure OIT Point Sur for the seven previous 
cruises, said that the Undercurrent core is located within 42 km offshore and in depths 
between 70 to 460 dbars on all cruises. The CUC was present at the surface in February 
1989 and November 1989 and subsurface throughout the remainder of the year. In 1988 
poleward flow at surface was only seen in November and inshore of Station 3. The 
warmest and saltiest waters were found at the depth of the CUC. Strong surface 
poleward flow was observed in May 1989 inshore of Station 5 as result of warmer fresher 
water found further offshore. In August of 1988 and July of 1989 strong poleward sur- 
face flow was also observed due to significant relaxation of equatorward winds which 
occurred 2 days prior to the July cruise and during the August cruise. 

'Ihe above observations related with the results of June 199U lead to the conclusion 
that the California Undercurrent exists close to the shore throughout of the year within 
42 km offshore, 'fhe location of the core exhibits great variations in depth but generally 
small in distance olTshore (almost all the values were between 15 and 28 km offshore). 
The possibility is not excluded that the undercurrent be observed on the surface as in 
February 1989, November 1989 and June 1990. 
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IV. CONCLUSIONS AND RLCOMMLNDATIONS 



A. CONCLUSIONS 

I lie purpose of this sliidy was to ciiaractcrizc the dynaniic structure, transport, and 
wtitcr mass chai.ictcr of ilic Ctdifomia Undercurrent aiul California Current using data 
from CTD, I’cgasus, ADCI’ and AVI IKK. 

I he C.'ilifornia I 'ndcrcui rent during .lime lh90. is remarkably strong and suiTaced 
in contrast with the analysis oT (';ilC(;l' I data by (,'hclton (1984). While some of this 
variability is real due to lluctutitions of the Undercurrent, earlier observations did not 
have the spatitil resolution to always resolve the flow. 1 he maxinurm speed at the core 
is 36 cm sec, located 33 km offshore. It is shown to be strorrgly affected by the wind 
force, at least in the upper .30 dbars. One day duration oTupwelling favorable wind force 
or one day compensation may be enough to remarkably change dimensions of the 
Undercurrent at strrface. It is estimated that a greater than one day rltrration of the 
wind’s compensation can cause the drsappearance of the California Undercurrent from 
the surface and the area until the coast be covered by the Davidson current. 

'I he California Undercurrent during June 1990 is restricted in the irppct 700 dbar 
and mi.xcs ecpratorial type water s with the Subarctic North Pacific water in the area. 1 his 
is shown very distinctively in the I S diagrttms. I he CUC trtmsport is estimated to be 
2.9 Sv. 

1 he (falilbrnia ( trrrcnt is shown to be shallow (less than 300 dbars) and with smaller 
velocity (28 cm sec) than the (California Undcrcirr rent, fhe landward limit of the sur face 
flow is located at Station 9 ami presents a surface core at distance of 1 10 km from the 
shore. It carries Subarctic North Pacific water which is distinguished by low temper- 
ature and salinity. As the 'f 'S diagram illustrates, the landward limit of the CC is 
strongly affected by the cliaractcristics of the Undercurrent, maittly below 150 dbars. 
On the strrf;tcc the effects of the Undcrctrrrent arc not so strong but still the surface 
characteristics of some of the stations arc between the two distinct water masses. 

fhe upwelling is shown reaching to a depth of 100 dbars and affecting mainly the 
waters landward of Station 5 (22 km from tlic shore). 1 his plicnomcnon was driven by 
the upwelling favorable N\V winds. 
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riic southwani [lowing coastal jet is picsent tlic data of June 1990. l.aiidward from 
Station 2 a soutlnvard, iKiriow and shallow current is sliown on the surface, having 
maxiimiin velocity 10 cm see. 

A detailed analysis of all data leads to the conclusion tliat 700 dbars is a more ac- 
curate estimate of the LNM than cither .‘>00 or 1000 dbar. 

B. RECOMMENDATIONS 

Data of June 1990 give a |iicturc of the currents in the area whicli arc amplified or 
compensated by such local plicnomcna as iipwclling. tidal waves, inertial motion, and 
winds. Using data from Cl'D, I’cgasus, ADCP and AVllRR concentrated on a line it 
is almost impossible to express an opinion for the si/.c of contribution of the local phe- 
nomena on the currents in the area. I estimate that to form a statistical correlation of 
how nuich the local phenomena contribute on the currents, the results of this study Iiavc 
to be comivarcd with data from otJicr sources, as for example from current meters and 
a sampling array covering an area rather than just a line. 
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